In the past little attention has been paid to the histological zonal composition of cartilage used for quantitative electrolytic analysis (1) . In the ribs and long bones the major fraction of the cartilage available is composed histologically of the resting cell zone (Figure 1 ), yet the adjacent proliferating and hypertrophic cell zones-narrow layers of cells at the site of new longitudinal bone growth-are more active metabolically (2) , and may play an important role in new bone production. Fortunately, the unique architecture of the costochondral junction in mammals enables the separation of these component histological zones. Whereas epiphyseal cartilages of long bones are concave and therefore difficult to section, ribs terminate anteriorly in a flat plate of cartilage, within which the maturing chondrocytes are arranged in approximately parallel zones ( Figure 1 , A and B). In 1949 Follis divided this tissue by cross-sectional slicing and demonstrated increased alkaline phosphatase activity of the layers adjacent to the bone marrow surface in both human and animal subjects (3) . However, with only single slices available for analysis, .the method was inadequate for comprehensive electrolyte studies. The current report describes a method for pooling cartilaginous, cross-sectional slices according to their histological zonal constituents and relates cartilage maturation to electrolytic content. Particular attention is directed to the regional content of sodium and calcium with evidence for an increasing storage of calcium by matrix macroanions adjacent to the zone of provisional calcification. t Instructor in pathology.
MATERIALS AND METHODS
Costal cartilage from 6-week-old calves 1 was obtained within 2 hours of sacrifice at a local abattoir. After removal of fat, muscle and perichondrium, cartilage was manually separated from the ribs and quickly frozen in an isopentane bath cooled with liquid nitrogen. Each frozen costochondral junction was set in a microtome with a razor attachment as described by Follis (3) . Six consecutive cross-sectional slices were made under freezing conditions, with the cartilage so oriented that the first slice included the zones of provisional calcification, hypertrophic and proliferating cells, and last, the resting cell zone ( Figure 1 , A through F). Cartilage from the second through the sixth rib of a cage formed a unit. Eleven such units were cross-sectioned and all first slices pooled, and so on, for 6 slices. Each crosssectional slice was divided sagittally; half of the tissue was retained for chemical analysis, the other half for histological study. Therefore, 660 slices from 11 calf-rib cages were analyzed for histological composition. Tissues were fixed for 24 hours in 10 per cent neutral formalin, and after conventional processing, were sectioned coronally at 6 u thickness, mounted, and stained by a Harris hematoxylin-eosin sequence.
Each slice contained 2 or more of the 5 histological zones described above. Thus, correlation of histological with chemical analyses required an estimation of the average relative volume occupied by any histological zone in each slice. Each costochondral junction resembled an elliptical cylinder with a volume equal to 7rabH, where a and b are the lengths of the semi-major and semi-minor cross-sectional axes and H represents the width of the cartilage in a rib's longitudinal axis (Figure (12) . Citrate was determined by a method of Natelson, Pincus and Lubovoy (13) for citric acid in 3 Percentage recovery of chloride, sulfate, and glucosamine added to cartilage samples carried through the entire procedure was: chloride, X = 97.3; SE 1.6; confidence limits (CL) = 93.3 to 100; n = 7. Sulfate, X = 95.5; SE 1.5; CL = 92.4 to 98.6; n = 26. Glucosamine, X = 73.9; SE 2.8; CL = 67.7 to 80.0; n = 11. (Figure 2 ) was close in slices 2 through 6, but marked reciprocal changes were noted in slice 1.
Total nitrogen and collagen nitrogen. In confirmation of histological studies on the fiber content of cartilage samples, collagen content (hydroxyproline x 7.46) increased 4 progressively from slices 1 through 6, correlating negatively with planar cell area (Table III) (22) , and'Von Kossa-staining material was absent. The total content of phosphorus decreased from 66.1 in slice 1, to 22.5 mmoles per 100 g in slice 2 , and decreased further to 6.3 mmoles per 100 g in slice 6 (Table IV) . The trichloroacetic acidextractable phosphorus, considered by Whitehead and Weidman to include all of the inorganic phosphates, was one-third to one-half of the total phosphorus in the inactive zone (17) . Because of the laborious nature of histological correlation, only limited numbers of samples were available for minor electrolytes (Table V) , but the needed gross estimate of their content was obtained.
Magnesium decreased from 9.6 in slice 1 to 4.6 mmoles per g in slice 6. Carbon dioxide declined from 9.5 in slice 1 to 4.4 mmoles per 100 g in slice 5, whereas citrate, 212 mg in slice 1, fell gradually to 46 mg in slice 6 (Table V) . DISCUSSION 1. Sodium and chloride. Based on current concepts of sodium metabolism in bone and other tissues a partition of sodium in cartilage would include, at the least, 1) a dissociated form in extracellular lymph; 2) a moiety associated with chondroitin sulfate and possibly other acid mucopolysaccharides; 3) a fraction bound to surfaces of hydroxyapatite crystals; and 4) a small intracellular content. A maximal limit of sodium associated with chondroitin sulfate based on the assumption that each millimole of sulfur represents 1 milliperiod of chondroitin sulfate is shown in Figure 3 (24, 25) shown by the continuous line; slope = 0.46. Nonchloride sodium (total sodium-chloride equivalent of sodium) approximates more closely that fraction available for association with chondroitin sulfate (dashed line slope=0.72). The estimate neglects the unknown net effect of minor ions in cartilage lymph.
fur-on-sodium regression of 0.5 would be predicted for maximal association of 2.0 mEq per milliperiod (see Section 5 below). The mean slope was close to this predicted value-0.46 ( Figure 3) . However, the actual restriction of this maximal figure to sodium seems unlikely. First, in the absence of chloride-binding to protein or an unusual intracellular content most of the chloride would be expected to be freely dissociated with an equivalent content of sodium predominantly in the matrix lymph. Correction for sodium theoretically associated with chloride provides a slope of 0.72 (Figure 3) . Association of calcium and other extracellular cations in small amounts with chondroitin sulfate is believed to account for this difference of slope. Chloride concentration in all slices was remarkably constant despite large differences in cell volume and fiber content (Table IV) .
2. Potassium. The relatively high level of potassium in the pooled first slices, containing 60 to 75 per cent of the hypertrophic cell zone, is of interest because a much smaller change of potassium content occurs across slices 2 through 4 containing most of the proliferating cell zone. Also, no significant contribution to the level of potassium in slice 1 was made by bone salt, which contains negligible amounts of this ion (23) . Thus, the high content of potassium was almost certainly associated with the zone of hypertrophic cells. The reason for this high level of potassium in the first slice is unknown and might reflect either the high metabolic activity (2) of this layer or simply a higher fraction of cell volume.
3. Calcium and phosphorus. In regard to this partition it is anticipated that calcium would be stored in epiphyses or in the growing costochondral junction in at least three phases: 1 ) hydroxyapatite, 2) extracellular lymph bathing the cartilage matrix, and 3) forms associated with chondroitin sulfate or other acid mucopolysaccharide fractions within the matrix (1). It was expected that phosphorus would be stored predominantly as 1) hydroxyapatite, 2) HPO4-H2PO4 buffer in extracellular lymph, 3) intracellular organic and inorganic phosphate, and 4) possibly matrix polyphosphates (21) . The present data shed light on certain features of the relationship of calcium to phosphorus across the cartilage plate.
From histological evidence (absence of deposits stained by Von Kossa's method), calcium, at levels of 7 to 26 mmoles per 100 g, is believed to be all or in large part available for association with other anionic components of the matrix such as chondroitin sulfate. If this calcium, partially bound in the matrix, were released at the site of calcification it would provide an excellent source of ionized calcium in the formation of hydroxyapatite.
4. Magnesium, bicarbonate and citrate. These ions contribute little to total ionic activity unless localized in a small region, and slice 1 contained the largest amount ( Table V) (25) . The purpose of the present electrolyte profiles was to estimate in relation to histological regions the total availability of anionic radicals of chondroitin sulfate as well as the composition of associated cations. In previous studies, both increased association of calcium with chondroitin sulfate ( 1 ) and, conversely, loss of sulfate from chondroitin preliminary to bone salt deposition, have been postulated (26) . If such changes commenced in the hypertrophic and proliferative cell zones preliminary to chondral calcification, they should be reflected in the electrolyte profile specifically of these regions. A profile of current electrolyte data is presented in Figure  4 . In this model it is assumed that 1 ) total sulfur provides a reasonable approximation of chondroitin sulfate content 3 
